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Abstract:ȱ Pseudotypeȱ neutralizationȱ assaysȱ areȱ powerfulȱ toolsȱ toȱ studyȱ functionalȱ antibodyȱ
responsesȱ againstȱ virusesȱ inȱ lowȱ biosafetyȱ laboratories.ȱ However,ȱ protocolsȱ describedȱ inȱ theȱ
literatureȱdifferȱwidelyȱwithȱrespectȱtoȱmaterial,ȱreagents,ȱandȱmethodsȱusedȱtoȱperformȱtheseȱassaysȱ




presentȱ theȱ stepsȱ necessaryȱ toȱ analyseȱ theȱ dataȱ andȱ calculateȱ theȱ halfȱ maximalȱ inhibitoryȱ
concentrationȱofȱtheȱseraȱanalysed.ȱThisȱprotocolȱwillȱprovideȱsupportȱforȱtheȱvalidationȱandȱtheȱ
standardizationȱofȱtheȱpseudotypeȱneutralizationȱassayȱforȱinfluenzaȱvirusȱserology.ȱAdditionally,ȱ








However,ȱ replicationȬdeficientȱ virusesȱ canȱ oftenȱ beȱ usedȱ asȱ aȱ safeȱ alternative.ȱWhenȱ envelopedȱ
virusesȱareȱstudied,ȱgammaretroviralȱandȱlentiviralȱvectorsȱpseudotypedȱwithȱtheȱviralȱglycoproteinsȱ
ofȱ interestȱ [2]ȱ areȱ aȱ feasibleȱ substituteȱ forȱ viruses.ȱ Numerousȱ lentiviralȱ vectorsȱ harboringȱ
glycoproteinsȱofȱdifferentȱvirusesȱhaveȱbeenȱdescribedȱinȱtheȱliterature,ȱandȱsomeȱofȱthemȱhaveȱbeenȱ
usedȱ inȱ neutralizationȱ assaysȱ [3,4].ȱ Forȱ example,ȱ theȱ useȱ ofȱ pseudotypedȱ lentiviralȱ vectorsȱ asȱ
surrogateȱ antigensȱ inȱ neutralizationȱ assaysȱ isȱ extremelyȱ usefulȱ inȱ influenzaȱ research.ȱ Influenzaȱ
pseudotypeȱneutralizationȱassaysȱareȱaȱsafeȱalternativeȱwhenȱpotentiallyȱpandemicȱvirusesȱneedȱtoȱ
beȱstudiedȱ[5].ȱFurthermore,ȱtheyȱhaveȱbeenȱshownȱtoȱhaveȱaȱhighȱsensitivityȱinȱdetectingȱantibodiesȱ
directedȱ againstȱ theȱ stalkȱ ofȱ influenzaȱ envelopeȱ glycoprotein,ȱ theȱ haemmaglutininȱ [6].ȱ Theseȱ
antibodiesȱareȱtheȱonesȱthatȱnewȱinfluenzaȱuniversalȱvaccinationȱcandidatesȱareȱintendedȱtoȱelicitȱ[7].ȱ
Extendedȱ informationȱ onȱ influenzaȱ pseudotypeȱ neutralizationȱ assayȱ variablesȱ hasȱ recentlyȱ beenȱ





























Theȱcomparisonȱbetweenȱtheȱ luciferaseȱsignalsȱdetectedȱ inȱuntransducedȱcells,ȱ inȱcellsȱtransducedȱ

































performingȱHEK293T/17ȱ cellȱ subculture,ȱ keepingȱ theȱ ratiosȱ andȱ daysȱ ofȱ subcultureȱ constant.ȱ Inȱ
general,ȱcellsȱcanȱbeȱsubcultured,ȱdependingȱonȱcellȱgrowthȱofȱtheȱparticularȱbatchȱandȱtheȱvesselȱ
used,ȱonȱMondayȱandȱWednesday,ȱatȱratiosȱofȱ1:4ȱorȱ1:5,ȱandȱonȱFriday,ȱatȱratiosȱofȱ1:8ȱorȱ1:10.ȱIfȱcellsȱ
areȱ thawedȱgentlyȱandȱaȱgoodȱ recoveryȱandȱviabilityȱ isȱobservedȱafterȱ thawing,ȱ theȱassayȱcanȱbeȱ
















































1. Beforeȱperformingȱtheȱassay,ȱcalculateȱtheȱamountȱofȱ influenzaȱpseudotypedȱ lentiviralȱvectorȱ
thatȱwillȱbeȱused.ȱ ȱ
a. Firstly,ȱcalculateȱhowȱmanyȱRLUȱareȱrequiredȱforȱoneȱassay,ȱperformedȱinȱoneȱplate.ȱInȱeachȱ
well,ȱweȱrecommendȱaȱvirusȱinputȱthatȱresultsȱinȱ1ȱ×ȱ106ȱRLU:ȱ ȱ	? ൈ 	?	?଺ ܴܮܷ ൈ 	?	?	? ݓ݈݈݁ݏ ൌ 	? ൈ 	?	?଼ ܴܮܷȱ













































h. Calculateȱtheȱcellsȱneededȱforȱoneȱassayȱplate:ȱ ȱ	?Ǥ	? ൈ 	?	?ସ ݈݈ܿ݁ݏ ൈ 	?	?	? ݓ݈݈݁ݏ ൌ 	?Ǥ	? ൈ 	?	?଺ ݈݈ܿ݁ݏȱ
i. Calculateȱtheȱvolumeȱofȱcellȱsuspensionȱforȱoneȱassayȱplate:ȱ	?	?ߤܮ ൈ 	?	?	? ݓ݈݈݁ݏ ൌ 	?	?	?	? ߤܮ ൌ 	? ݉ܮȱ



































usedȱ toȱanalyseȱ theȱdataȱandȱcalculateȱ theȱhalfȱmaximalȱ inhibitoryȱdilutionȱ (ID50)ȱofȱeachȱserumȱ
tested,ȱorȱ theȱhalfȱmaximalȱ inhibitoryȱconcentrationȱ(IC50)ȱofȱantibodiesȱ tested.ȱMicrosoftȱExcelȱ isȱ
necessaryȱ toȱperformȱsomeȱofȱ theȱcalculations,ȱandȱ toȱvisualizeȱ theȱrawȱdata,ȱasȱ theȱsoftwareȱcanȱ







22.ȱ CreateȱaȱNewȱprojectȱ fileȱselectingȱXYȱ tableȱandȱEnterȱandȱplotȱaȱsingleȱvalueȱYȱ forȱeachȱ
pointȱandȱthenȱpressȱtheȱCreateȱbuttonȱ(Figureȱ3).ȱ
Ifȱmultipleȱreplicatesȱforȱtheȱsameȱserumȱwereȱperformedȱonȱtheȱsameȱplate,ȱselectȱEnterȱinȱȱ











24.ȱ Insertȱ assayȱdilutionȱ factorsȱ inȱ theȱ firstȱ columnȱ (405120,ȱ forȱ example,ȱ ifȱ theȱ serumȱ sampleȱ
volumeȱwasȱ5ȱΐL).ȱ ȱ
25.ȱ Insertȱ logarithmicȱdilutionȱ factorsȱ (whichȱ canȱbeȱ calculatedȱusingȱMicrosoftȱExcelȱusingȱ theȱ
LOG10ȱfunction)ȱinȱtheȱXȱcolumn.ȱ
26.ȱ Copyȱ theȱ samples,ȱ positiveȱ andȱ negativeȱ serumȱ controlȱ rawȱ dataȱ (withȱ theȱ exceptionȱ ofȱ









































































byȱGraphPadȱPrism,ȱ toȱ identifyȱ possibleȱ incongruences.ȱThisȱ procedureȱ shouldȱ beȱ consideredȱ aȱ























































dataȱ analysisȱprotocolsȱwithinȱ aȱunifiedȱ framework.ȱThisȱ isȱ accompaniedȱbyȱ extensiveȱgraphicalȱ
instructionsȱforȱtheȱenumerationȱofȱneutralizationȱtitres,ȱsomethingȱthatȱwasȱhithertoȱlackingȱinȱtheȱ




robustness.ȱ Theseȱ haveȱ beenȱ addressedȱ withȱ anȱ HIVȬ1ȱ Envȱ pseudotypeȱ luciferaseȬbasedȱ
neutralizationȱassayȱ[11],ȱandȱthisȱcanȱprovideȱaȱpathȱforwardȱforȱequivalentȱinfluenzaȱassays.ȱUsingȱ
thisȱ protocolȱ inȱ aȱ studyȱ encompassingȱ multipleȱ stakeholderȱ laboratoriesȱ wouldȱ enableȱ interȬ
laboratoryȱvariationȱtoȱbeȱstudiedȱatȱtheȱparameterȱlevel.ȱ
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